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(54) Reactor apparatus for preparing a polymeric material 

(57) A polycondensation reactor (20) for processing 
low viscosity polyester or another polymer into relatively 
highly viscosity polymer conprises a substantially cylinr 
drical horizontal reactor vessel (22) with a polymer inlet 
(36) and a polymer outlet (40) adjacent its opposite ends 
and a vapor exhaust opening (44) in the upper side of 
the vessel at its outlet end. A polymer agitator (32) is 
rotated axial ly within the chamber and includes plural 
alternating annular overflow (56.256) and underflow baf- 
fles (58,258) and multiple perforated film-forming 
screens (60,560,660) disposed therebetween in parallel 
spaced relation to one another. The overflow baffles are 
in peripheral polymer-sealing relation to the vessel while 
the underflow baffles have multiple underflow recesses 
(82) In their outer peripheries, whereby the baffles define 
a tortuous polymer flow path alternately through their 
respective polymer overflow and und^low openings to 
control residence time, distribution and viscosity growth 
as the polymer flows between the baffles. The baffles 
and screens are Integrally fixed coaxially at their outer 
peripheries by axially extending wiper bars (62). Aligned 
openings in the baffles and screens along the rotational 
axis of the agitator provide for free flow of volatiles to the 
exhaust opening. 
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Description 

Reld of the Invention 

The present invention relates generally to a reactor 
apparatus for use in preparing a polymeric material and; 
more particularly, to a polycondensation reactor appara* 
tus adapted for use in converting a polymeric liquid of 
low viscosity into a polymeric liquid of relatively higher 
viscosity by promoting evaporation of a volatile constitu- 
ent material from the polymer. 

Background of the Invention 

Commercial preparation of condensation polymers 
such as polyesters and polyamides is characteristically 
accomplished by a process known as polycondensation 
performed in a reactor vessel wherein some form of agi- 
tator is used to induce evaporative release of a volatile 
constituent material in the polymer being processed. In 
this manner, the viscosity of the polymer and the viscous 
unifamity thereof may be selectively increased. 

In a conventional vessel of the aforedescribed type, 
this polycondensation process is carried out continu- 
ously by introducing the low viscosity polymer at one end 
ol the vessel and conveying It through the vessel to an 
outiet adjacent tiie opposite end of the vessel , while sub- 
jecting the polymer to tiie action of the agitator during 
the period of residence of tiie polymer witiiin the vessel. 
The vessel is oriented on a horizontal axis and the agi- 
tator is characteristically in the form of a ooaxially rotated 
cage having perforated or otiienvise screen-like ele- 
ments mounted radially to a central drive shaft to be pro- 
gressively coated witii the polymer and also having 
peripheral wiping elements to progressively apply a film- 
like coating of the polymer to the annular interior wall of 
the vessel, the combined action of the screens and wip- 
ing elements serving to inaease the exposed evapora- 
tive surface area of tiie polymer as tiie agitator 
progressively rotates. Such apparatus are commonly 
referred to in tiie trade as "wipe wall" polymer reactors, 
one representative example of such a reactor being dis- 
closed in U.S. Patent No. 3.248,180. 

As polymer technology has advanced and indusf y 
has continued to demand polymers of higher tenacities, 
a growing need has developed for polymers of higher vis- 
cosities and greater uniformity and overall quality. Con- 
ventional reactor apparatus suffer several 
disadvantages in tiiis regard. First, tiie presence of a 
central shaft tiirough the length of the agitator tends to 
restrict evaporative flow of volatiles to an exhaust outiet 
commonly located in the upper region of the discharge 
end of tiie vessel and also forms a collection surface on 
which polymer in adjacent stagnant areas may collect 
and ultimately become overheated, producing cartxwia- 
ceous contaminants within the polymeric material. Build- 
ups of tiie polymeric material can similarly occur at olher 
stagnant regions within the vessel, especially in Uie end 
and upper regions of the vessel vt^ich may not be satis- 



factorily wiped by the agitator. The necessity of nfX)unting 
the screens to ttie shaft also li mits the closeness at which 
the screens may be spaced from one another, in turn lim- 
iting tiie evaporative capacity of the vessel. Volumetric 
5 capacity of conventional polycondensation vessels is 
limited by the need to prevent overheating of the poly- 
meric material. A related protilem is tiie inability of con- 
ventional reactors to non-invasively measure polymer 
temperature within the vessel. 

10 

Summary of the Invention 

It is accordingly an object of the present invention to 
provide an improved reactor apparatus for use in prepar- 

15 ing a polymeric material which overcomes tiie problems 
and disadvantages of tiie prior art. More specifically, it is 
an object of the present invention to provide an improved 
polymer reactor of the \vipe wall" type having a substan- 
tially inaeased volumetric capacity while at tiie same 

20 time being capable of preparing polymers by the poly- 
condensation process to a suitably high level of viscosity 
and high degree of viscous uniformity witii reduced risk 
of polymer overheating and polymer contamination in 
comparison to conventional reactors. Particular objects 

25 of the present invention are to provide a Vipe wall" pol- 
ymer polycondensation reactor having a novel agitator 
without a central shaft, witii a novel polymer baffling 
arrangement for controlling polymer flow, and wHh an 
improved ability to achieve progressive wiping of sub- 
so stantially all Interior surfaces within the polymer process- 
ing chamber of the vessel. Another object is to provide 
a novel means of controlling polymer temperature witiiin 
the reactor vessel by non-invasive measurement of pol- 
ymer temperature and a novel means of heat exchange 

35 cooling and/or heating of the. polymer within the vessel. 
Otiier objects of the invention will be apparent from the 
disclosure of a preferred embodiment of the present 
invention hereinafter. 

Briefly summarized, the present invention accom- 

40 plishes the foregoing objectives by providing inprove- 
ments In a reactor apparatus of tiie basic type adapted 
for preparing a polymeric material utilizing a reactor ves- 
sel in which a polymer agitator is rotatably disposed. The 
reactor vessel defines a horizontally-extending interior 

45 polymer processing chamber, a polymer inlet opening 
into the processing chamber and a polymer outlet open- 
ing from the processing chamber at a spacing from one 
another axially along the processing chamber, and a 
vapor exhaust outlet opening from tiie processing cham- 

50 ber. The polymer agitator extends axially witiiin the 
processing chamber and, in accordance witii tiie present 
invention, comprises an annular overflow l>aff le defining 
a central polymer overflow opening and an underflow 
l3aff le having an outer periphery defining at least one pol- 

55 ymer underflow opening between its outer periphery and 
the vessel. The overflow arxi underflow baffles are 
affixed together for unitary rotation in generally parallel 
axially-spaced relation to one anottier within the 
processing chamber so that a portion of tiie flow patti for 
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the polymeric material between the polymer inlet and the 
polymer outlet extends through the overflow and under- 
flow openings of the baffles. In many embodiments of 
the present invention, it will be preferred that at least one 
perforated polymer filnvfbrming screen be disposed 
between the baffles to cause the polymeric material to 
become coated on the screen in a film-like form during 
rotation of the agitator to produce . enhanced vapor 
release from the polymer as part of the polycondensation 
process. 

In a preferred emtxxJiment of the present reactor 
vessel, the interior polymer processing chamber is sub- 
stantially cylindrical in configuration and the polymer inlet 
and outlet openings are located respectively adjacent 
opposite ends of the chamber. The agitator includes a 
plurality of the overflow and underflow baffles an^anged 
in alternation with one another axially along the agitator 
and at least one screen (preferably muKiple screens) dis- 
posed between each adjacent pair of the baffles, the baf- 
fles and screens being affixed together for unitary 
rotation in generally parallel axially-spaced relation to 
one another. Each annular overflow baffle has a substan- 
tially drcular outer periphery disposed in rotational pol- 
ymer-sealing relation to the vessel. The outer periphery 
of each underflow baffle is preferably formed with a plu- 
rality of circumf erentially spaced recesses defining a cor- 
responding plurality of the underflow openings. By the 
alternating an'angement of the overflow and underflow 
baffles, the agitator defines a tortuous flow path for the 
polymeric material extending between the polymer inlet 
and outlet alternately through the polymer overflow and 
underflow openings of the successively alternating over- 
flow and underflow baffles, which serves to control the 
residence time, distribution and viscosity of the poly- 
meric material during flow between successive overflow 
baffles. 

Preferably, the underflow baffles and tfie screens 
have respective central openings aligned axially with the 
overflow openings of the overflow baffles collectively to 
provide a central path for enhanced vapor fbw to the 
vapor exhaust outlet. As will be understood, viscosity of 
the polymer increases as the polymer progresses axially 
through the processing chamber between the inlet and 
the outlet and, in correspondence with the viscosity 
growth in the polymer, the screens are arranged at 
increasing spacings from one another and from the baf- 
fles and are also provided with increasing open area from 
adjacent the polymer inlet to adjacent the polymer outlet 
of the chamber. To assist in vapor release, the central 
overflow opening of each overflow baffle comprises a 
perforated central annulus which, like the screens, 
becomes coated with a film of the polymer as agitator 
rotation progresses to additionally induce vapor release 
from the polymer. For the same purposes, each under- 
flow baffle may also be provided with a perforated central 
annulus. 

According to one aspect of the present invention, the 
diametric dimension of the central overflow openings in 
the overflow baffles may increase from adjacerit the pol- 



ymer inlet to adjacent the polymer outlet so that the flow 
path for the polymer becomes less tortuous as the vis- 
cosity of the polymer increases. 

The agitator preferably has a plurality of connecting 

5 elements extending between and affixed to the respec- 
tive peripheries of the baffles and the screens, thereby 
serving to rigidity the agitator. Each connecting element 
may be configured with a trailing edge forming a wiping 
surface disposed radially outwardly of tiie agitator to 

10 apply and remove polymer to and from the interior sur- 
face of the vessel chamber during rotation of the agitator, 
additionally contributing to evaporative polycondensa- 
tion of the polymer. Each screen is formed witii periph- 
eral slots which receive the connecting elements and 

15 define polymer drainage openings between the screens 
and the connecting elements. 

The agitator also preferably includes a pair of struc- 
tural support disks at tiie opposite axial ends of the agi- 
tator, each support disk having a plurality of openings 

20 exterxiing theretiirough at differing angles relative to the 
agitator axis. The support disk at the end of the agitator 
adjacent the outlet of the vessel, whereat tiie polymer 
viscosity will be greatest, is preferably provided with a 
plurality of blades projecting from the outward face of the 

25 support disk to wipe polymeric material from the interior 
surface of the chamber during agitator rotation. 

To facilitate increased size and capacity of tiie reac- 
tor apparatus in comparison with conventional appara- 
tus, the vessel is preferably formed with one or more 

30 passageways extending about the chamber for carrying 
flow of a heat exchange material in heat transfer relation 
witii the polymeric material in the charriDer for controlling 
tiie temperature of tiie polymeric material by heating 
and/or cooling as necessary or desirable. Preferably, the 

35 passageway extends annularly about tiie chamber witii 
at least a portion of the passageway forming a generally 
helical flow path for tiie heat exchange material. Depend- 
ing upon the particular operatiori and application of the 
apparatus, the heat exchange material may be directed 

40 through the passageway eitiier opposite to, or in the 
same direction as, the polymeric material flow within the 
chamber. In a preferred embodiment, separate passage- 
ways may be provided for different zones along tiie axial 
extent of tiie vessel so that temperature corrtrol by heat- 

45 ing and/or cooling and the direction of fbw of tiie heat 
exchange material can be handled differently for the 
respective zones. 

The present invention also provides for non-invasive 
sensing of the temperature of the polymeric material dur- 

50 ing processing within tiie chamber by means of an infra- 
red thermal emission sensor disposed outside the 
processing chamber to face into tiie chamber through a 
sealed window bordering tiie chamber. 

The reactor apparatus of the present invention also 

55 is equipped to detect the level of pdymeric material 
within the chamber by means of a source of radiation 
projected radially through the processing chamber from 
one side thereof arxi a detector at the opposite side of 
the chancer. A microprocessor or a like form of controller 
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extrapolates the level of the polymer at the location of 
the radiation projection based on the difference between 
the projected and detected quantities of the radiation. 

Brief Description of the Drawings s 

Fig. 1 is a side elevational view, partially in vertical 
cross-section, of the reactor apparatus of the 
present invention according to one preferred 
enrdxxllment thereof; io 

Fig. 2 is a slightly enlarged side elevational view of 
the polymer agitator of tiie reactor apparatus of Fig. 
1; 

15 

Fig. 3 is a further enlarged axial cross-sectional view 
taken through a portion of the reactor apparatus of 
Fig. 1 along lines 3-3 thereof; 

Rgs. 4A-4H are vertical aoss-sectional views of the 20 
agitator taken respectively along lines 4A-4A 
through 4H-4H of Fig. 2, showing the differing over- 
flow baffles of the agitator in front elevation; 

Fig. 5 is a radial cross-sectional view of a central por- 25 
tion of tiie overflow baffle of Fig. 4A, taken along line 
5-5 thereof; 

Fig. 6 is an enlarged front elevational view of a 
peripheral portion of the overflow baffle of Fig. 4A at 30 
the connection ttierewith of one of the polymer wip- 
ing bars; 

Figs. 7A-7F are vertical cross-sectional views 
through the agitator of Fig. 2, taken respectively 35 
along lines 7A-7A through 7F-7F thereof, showing 
the differing underflow baffles in front eles/ation; 

Figs. 8A-8H are vertical cross-sectional views 
through the agitator of Fig. 2, taken respectively 40 
along lines 8A-8A tiirough 8H-8H thereof, showing 
the differing film-forming screens in front elevation; 

Fig. 9 is a vertical cross-sectional view through the 
agitator of Fig. 2, taken along line 9-9 tiiereof , show- 45 
ing In front elevation tiie inward face of tiie inlet end 
plate of the agitator; 

Fig. 10 is a vertical cross-sectional view through ttie 
agitator of Fig. 2, taken along line 10-10 tiiereof, so 
showing in front elevation tiie inward face of the out- 
let end plate of tiie agitator; 

Fig. 11 is a vertical cross-sectional view taken 
through ttie agitator of Rg. 2 along line 11-11 55 
thereof, showing in front elevation the outward face 
of tiie outiet end plate of the agitator; . 



Rg. 12 is a horizontal cross-sectional view taken 
through the vessel of the reactor apparatus of Rg. 1 
along line 12-12 tiiereof, showing the h^t exchange 
zones defined within the shell of tiie vessel; 

Rg. 13 is a vertical cross-sectional view taken 
through a portion of the vessel of the reactor appa- 
ratus of Fig. 1 along line 13-13 thereof, showing one 
polymer temperature sensor of the apparatus; and 

Rg. 14 is a vertical cross-sectional view taken 
through the reactor apparatus of Rg. 1 along line 1 4- 
14 tiiereof, showing tiie polymer level detecting 
arrangement of tiie apparatus. 

Detailed Description of tiie Prefenred Embodiment 

Referring now to the accompanying drawings and 
initially to Fig. 1 , a reactor apparatus in accordance witii 
one preferred enft)odiment of the present invention is 
generally indicated in its totality at 20. The reactor appa- 
ratus 20 basically comprises a substantially cylindrical 
elongate vessel 22 supported in a horizontally extending 
disposition by stanchions 24 mounted adjacent opposite 
axial ends of tiie vessel 22. The vessel 22 is formed by 
a dual-walled cylindrical shell 26 sealably enclosed at its 
opposite axial ends by respective end covers 28 to col- 
lectively define a conrespondingly cylindrical interior 
processing chamber 30 witiiin which a cage-like agitator 
32 is rotatabty supported by bearing assemblies 34 
mounted to tiie opposite end covers 28 to extend axially 
through substantially the entire length of tiie chamber 30. 

A polymer input conduit 36 is mounted exteriorly to 
one end cover 28 annularly about an inlet opening 38 
formed through the cover 28 adjacent the upwardly fac- 
ing side thereof to communicate with the corresponding 
end of the interior processing chamber 30. A relatively 
larger tubular polymer output fitting 40 is affixed to tiie 
shell 26 of tiie vessel 22 at its downwardly facing side 
adjacent the opposite end of tiie chamber 30 annularly 
about an outiet opening 42 formed through the shell 26 
into the processing chamber 30. A vapor extiaust open- 
ing 44 is similarly formed through the shell 26 at its 
upwardly facing side and opens into a bell-shaped vapor 
collection housing 46 mounted exteriorly to the shell 26 
about tiie opening 44. An exhaust conduit 48 extends 
laterally from tiie vapor collection housing 46 in interior 
communication therewitii. 

As more fully explained hereinafter, thepolymer inlet 
conduit 36 is connected through a suitable conduit struc- 
ture (not shown) with a source of a low viscosity polymer 
such as, by way of example but without limitation, poly- 
ester, as indicated only representatively at 50, to provide 
a continuous delivery of the process polymer into the 
adjacent end of the chamber 30. Relatively higher vis- 
cosity polymer produced by operation of ttie present 
reactor apparatus 20 as hereinafter described is contin- 
uously discharged at a corresponding rate from the 
opposite end of the chamber 30 downwardly through the 
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output fitting 40 for delivery to a downstream processing 
station or a suitable collection and storage location, only 
representatively indicated at 52. The exhaust conduit 48 
is connected to a suitable vacuum source 54 to progres- 
sively withdraw evaporative vapors resulting from the 
polycondensation process induced within the processing 
chamber 30. 

With additional reference to Rg. 2, the agitator 32 is 
formed of a pair of opposing end plates 64.65 and an 
intervening series of annular polymer overflow and 
underflow baffles 56.58 and annular polymer film-form- 
ing screens 60 connected in spaced parallel relation inte- 
grally with one another at their respective peripheries by 
a series of axially-extending polymer wiping bars 62 fixed 
respectively to the end plates 64.65 overflow and under- 
flow baffles 56.58 and screens 60 at equal circumferen- 
tial spacings thereabout. A central axial support shaft 66 
extends outwardly from each end plate 64,65 for sup- 
porting the agitator 32 within the bearing assemblies 34. 
the shaft 66 projecting from the end plate 65 at the outlet 
end of the vessel 22 being of an elongated length to 
extend beyorxi the corresponding bearing assembly 34 
for driving connection of the agitator 32 to a suitable drive 
motor, indicated only representatively at 68. 

The overflow and underflow baffles 56,58 are 
arranged in alternation with one another along the entire 
length of the agitator 32, with an overflow baffle 56 dis- 
posed immediately adjacent the end plate 64 at the inlet 
end of the vessel 22 and with an underflow baffle 58 dis- 
posed immediately adjacent the end plate 65 at the outlet 
end of the vessel 22. Multiple screens 60 in differing num- 
bers are disposed between each adjacent pair of the baf- 
fles 56.58. 

As seen in Figs. 3 and 4A-4H. each overflow baffle 
56 is formed of an imperforate main plate-like annular 
body 70 having a circular outer periphery and defining a 
concentric circular central opening 72 into which an 
annular perforated screen element 74 of rialatively 
reduced thickness projects coplanarly with the main 
annular body 70. (See also Fig. 5.) i/Vith reference to 
Figs. 7A-7F. each underflow baffle 58 is similarly formed 
of a main plate-like annular body 76 defining a central 
circular opening 78 into which extends an annular perfo- 
rated screen element 80. but with the circular outer 
periphery of the body 76 formed with a series of arcuate 
recesses 82 circumferentially spaced about the body 76. 
The outer diameter of the respective annular bodies 
70,76 of the overflow and underflow baffles 56.58 is 
selected to closely approach the inner diameter of the 
vessel shell 26 within relatively fine predetermined toler- 
ances, 80 that the overflow baffles 56 effectively form a 
polymer seal relative to the interior cylindrical wall of the 
shell 26. As will thus be understood, the alternating 
arrangement of the overflow and underflow baffles 56.58 
cause polymer to follow a tortuous flow path alternately 
over the annular txxiy 70 and through the central opening 
72 of each overflow baffle 56 and under the annular body 
76 and through the underflow openings formed by the 



arcuate recesses 82 of each intervening underflow baffle 
58. 

BasicsUly, it will be recognized that the spacing 
between each overflow baffle 56 and the next succeed- 

s ing overflow baffle 56 essentially divides the overall 
chamber 30 within the vessel 22 into a series of generally 
distinct compartments in which the polymer is transiently 
contained as it flows through the chamber 30 in 
sequence from one such compartment to the next 

10 through the succeeding overflow openings 72. This 
serial compartmentalized containment of the polymer 
enables the residence time of the polymer within each 
succeeding compartment to be relatively closely control- 
led, which in turn enables control of the overall distribu- 

15 tion of the polymer along the length of the chamber 30 
and a relatively close control of the viscosity growth in 
the polymer among the serial compartments. As such, 
the tortuous over-under polymer flow control accom- 
plished by the baffles 56.58 promotes a plug-type flow 

20 of the polymer with minimized backfk)w of polymer into 
preceding compartments. 

Of course, as those persons skilled in the art will rec- 
ognize, the particular dimensioning and configuration of 
the overf tow and underflow baffles 56,58, particularly the 

25 diameter of the central openings 72 of the overflow k)af- 
f les 56 and the shape and size of the underflow recesses 
82 of the underflow baffles 58, together with the relative 
spacing of the baffles 56,58, may be selectively varied 
from one reactor to another and also within a given reac- 

30 tor as necessary or desirable to induce the polymer to 
flow in any of various forms of tortuous paths alternately 
over and under the respective baffles in order to accom- 
plish relatively fine control of the residence time, distri- 
bution and viscosity growth of the polymeric material 

35 during flow between each overflow baffle and the next 
succeeding overflow baffle. 

By way of exanrpte and without limitation, the partic- 
ular emt>odiment of the reactor apparatus 20 illustrated 
in the drawings utilizes an arrangement of eight overflow 

40 baffles 56 alternating with eight underflow baffles 58, 
beginning with a first overflow baffle 56 at a short spacing 
from the ertd plate 64 at the inlet end of the chamber 30 
and ending with an underflow baffle 58 spaced from the 
end plate 65 at the outlet end of the chamber 30 by a 

45 sufficient dimension to dispose the last underflow baffle 
58 in advance of the bottom outlet opening 42 in the ves- 
sel 22. The overflow baffles 56,58 are spaced equally 
from one another along the length of the chamber 30 
and, according to this particular embodiment, the dia- 

60 metric dimension of the central openings 72 in the over- 
flow baffles 56 increases with each succeeding overflow 
baffle 56, whereas, in contrast, the diameter of the cen- 
tral openings 78 in the underflow baffles 58 as well as 
the size, shape, number and spacing of the underflow 

55 recesses 82 in the underflow baffles 58 are constant 
among the succeeding underflow baffles 58, all as will 
be readily recognized from the illustration of the individ- 
ual respective overflow baffles 156,256,356, et seq, 
shown in Rgs. 4A^H and the Individual respective 
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underflow baffles 158.258,358, et seq, shown In Figs. 
7A-7F. As will be understood, this particular dimension- 
ing and arrangement of the overflow and underflow baf- 
fles 56.58 causes the flow path of the polymer to become 
gradually less tortuous with the correspondingly gradual 
increase in the viscosity of the polymer as it progress^ 
along the length of the chamt^er 30. 

In the particular illustrated embodiment, it will also 
be recognized that the screens 60 are an'anged at grad- 
ually increasing spacings to one another with progres- 
sively fewer screens 60 disposed between each adjacent 
pair of the overflow and underflow baffles 56.58, along 
the length of the chanrtber 30 from its inlet end to its outlet 
end. in addition, as shown by the illustrations of the indi- 
vidual respective screens 160.260,360. et seq., in Figs. 
8A-8H. the screens vary in construction, the form of per- 
forated openings therein, and the resultant opening ratio 
(i.e., the amount of total open area defined by the perfo- 
rated openings in each screen relative to the overall area 
occupied by the screen). Basically the screens 60 are 
arranged to inaease in spacing from one another and In 
the total open area defined by each individual screen 60 
from the inlet end to the outlet end of the chamber 30 in 
correspondence with and relation to the viscosity growth 
of the polymer from one baffled compartment to the next 
succeeding baffled compartment along the agitator 32. 

Specifically. for example, the screens 
160,260,360,460 disposed in the first baffled compart- 
ment between the overflow baffles 156,256 are each 
formed of a plate-like flat planar body 84 having a plural- 
ity of closely spaced circular bores 86 drilled axially 
through the body 84 over substantially its entire surface 
area, the size of the bores 86 increasing while the 
number of bores 86 per screen decreases from the 
screens 160 to the screens 460. See Figs. 8A-8D. The 
screens 560 disposed between the overflow baffle 256 
and the next succeeding adjacent underflow baffle 258 
are formed as a grid of wires 88 welded to one another 
in equally-spaced, perpendicularly-intersecting relation 
to define a plurality of square perforated openings 90 
arranged in linear perpendicular rows. See Fig. 8E. The 
remaining screens 660,760,860 are also constructed of 
a grid of wires, but in the form of a series of circular wires 
92 of increasing diameters connected in concentric 
coplanar relation by a series of linear wires 94 welded 
radially between the drcular wires 92 at equal circumfer- 
ential spacings thereabout, to define somewhat trapezoi- 
dal-like openings 96 which are considerably larger than 
the square openings 90 of the screens 560. 

As will be understood, the screens 60 function dur- 
ing operation of the reactor apparatus 20 to become con- 
tinuously coated with a film of the polymeric material as 
the agitator 32 rotates the screens 60 through the mass 
of polymeric material contained within each baffled com- 
partment and thereby, as the coated portions of the 
screens 60 rotate through the upper regions of the cham- 
ber 30. the film coating of polymer on each screen 60 is 
fully exposed to promote evaporation of vdatiles from the 
polymer. In order to maximize this evaporative poly- 



condensation action, it is important that the saeens 60 
hold the polymer coating in a film-like form, which will be 
understood to be a function of the viscosity of the poly- 
mer and tiie particular construction of each individual 

5 screen. That is, with a polymer of relatively high viscosity, 
the viscous character of ttie polymer enables it to bridge 
larger perforations while remaining in a film-like form 
tiian with a lower viscosity polymer. Hence, the indicated 
construction and arrangement of the screens 

10 160.260.360. et seq.. is selected so that the respective 
opening ratios of the screens increase progressively 
from the inlet end to the outiet end of the chamber 30 in 
relation to the viscosity growth in the polymer realized 
from one baffled compartment to the next. 

15 It is also desirat)le. in order to maximize the total 
evaporation of volatiles acconrtplished within tiie cham- 
ber 30. that the screens 60 be spaced as closely as pos- 
sible to one another without causing polymer films on 
adjacent screens 60 to bridge from one screen to the 

20 next, which will be understood to be a function of polymer 
viscosity and tiie attendant surface tension of the poly- 
mer. Thus, as indicated, the screens 60 are most closely 
spaced to one another at tiie end of the agitator 32 within 
the inlet end of the chamber 30. witti the spacing 

25 between the screens 60 gradually increasing along tiie 
lengtii of the agitator 32 toward the outiet end of tiie 
chamber 30. See Figs. 1 and 2. 

As previously indicated... each of tiie overflow and 
underflow baffles 56.58 have a central perforated screen 

30 annulus 74,80 within their respective central openings 
72,78, which will be understood to function in the same 
manner as tiie adjacent screens 60 to become coated 
with a film of polymer to enhance evaporation of volatiles 
from tiie polymer. As with the saeens 60, tiie particular 

35 construction of each screen annulus 74,80 varies to pro- 
vide the screens 74,80 with progressively increasing 
open area from the inlet end to the outiet end of the 
chamber 30 in relation to the corresponding viscosity 
growtii in the polymer along the lengtii of the chamber 

40 30. Thus, tiie particular consb'uction of the screen annuli 
74,80 for each respective overflow and underflow baffle 
56.58 con-esponds to that of tiie adjacent screens 
160.260. et seq. Hence, as depicted in Figs. 4A-4H. tiie 
screen annuli 74 of the overflow baffles 156.256 are in 

45 the form of a flat plate-like body drilled axially over sub- 
stantially Its entire surface area with a plurality of closely- 
spaced circular bores, while tiie remaining overflow baf- 
fles 356.456, et seq.. have screen annuli 74 in the fam 
of a wire grid of concentric circular wires welded with 

so radial connecting wires. The first underflow baffle 158 
similarly has a plate-like screen annulus 80 drilled with 
dosely-spaced circular bores and the second underflow 
baffle 258 has a screen annulus 80 formed of a wire grid 
of perpendicularly welded linear wires defining square 

55 perforated openings, while the remaining underflow baf- 
fles 358,458. et seq.. have a wire grid annulus 80 of con- 
centric circular wires welded with radial connecting 
wires, as shown in Figs. 7A-7F 
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As best seen in Rgs. 9-1 1, the end plates 64,65 of 
the agitator 32 are formed as circular planar disks of rel- 
atively greater thickness than the baffles 56.58 and wrth- 
out any central opening, to serve as structural support 
members for the opposite ends of the agitator 32. Each 
end plate 64,65 is formed with a plurality of polymer flow 
openings 98 located in a circular arrangement at equal 
circumferential spacings concentrically about the axis of 
the end plate 64, with alternate ones of the openings 98 
being formed angularly through the body of the end plate 
64,65 in one angular direction relative to the axis of the 
plate and the intermediate openings 98 being similarly 
formed angularly through the plate body in the opposite 
angular direction to the plate axis. The angular orienta- 
tion of the openings 98 enables tiie end plates 64.65 to 
effectively "pump" polymer tiirough the openings 98. The 
outer periphery of the end plate 65 at the outlet end of 
the chamber 30 is formed wrth a plurality of shallow arcu- 
ate recesses 1 00 to function as polymer underflow open- 
ings in the same manner as the peripheral underflow 
recesses 82 of the underflow baffles 58. See Figs. 10 
and 1 1 . In addition, as seen in Rg. 1 1 . the outward end 
lace of ttie outiet end plate 65 is formed with plural radial 
vanes 1 02 to serve as polymer wiping blades to progres- 
sively wipe polymer from the adjacent facing interior sur- 
face of tiie outlet end cover 28. 

As will be seen in Figs. 1-11, each of tiie polymer 
wiping bars 62 is an elongate linear bar of rectangular 
cross-section which mounts in corresponding rectangu- 
lar recesses formed in alignment with one anotiier 
respectively in the outer peripheries of the overflow baf- 
fles 56, underf k>w baffles 58, screens 60, and end plates 
64,65 in a trailing angular relation to the axis of the agi- 
tator 32 relative to its direction of rotation. The wiping 
bars 62 are contained witiiin tiie respective recesses 1 04 
in tiie overflow baffles 56, underflow baffles 58, and end 
plates 64,65 so that the respective radially outwardmost 
edge of each bar 62 is disposed substantially precisely 
in alignment with the respective outer peripheries of the 
baffles and erid plates. The screens 60, however, are of 
a slightly lesser outerdiameter than the baffles 56.58 and 
the end plates 64,65, whereby the radially outwardmost 
edges of the wiping bars 62 project slightly beyond the 
outer peripheries of the screens 60. Preferably, tiie wip- 
ing bars 62 are affixed to tiie overflow and underflow baf- 
fles 56,58 and to tiie end plates 64,65 by continuous 
welds formed along the entirety of tiie respective 
recesses 104 therein, but within the recesses 104 
formed in tiie screens 60, the wiping bars 62 are welded 
only at tiie radially outward ends of such recesses 104, 
the radially inwardmost extents of such recesses 104 in 
the screens 60 being laterally enlarged to produce a 
spacing between the wiping bars 62 and the body of the 
respective screens 60 to promote drainage of polymer 
for better film formation and to reduce any tendency of 
polymer to collect and stagnate in such areas. 

In this manner, the wiping bars 62 present a trailing 
wiper edge 62' which functions as the agitator 32 rotates 
to progressively and continuously wittKlraw polymer from 



tiie bottom region of tiie chamber 30 and. in a wiping- 
like manner, apply the polymer to the interior cylindrical 
wail of the chamber 30 while removing excess polymer 
so as to maintain a f Dm of tiie polymer over substantially 

5 tiie entirety of tiie cylindrical interior wall of tiie chamber. 
The film formation of tiie polymer accomplished by tiiis 
progressive wiping action serves to further maximize tiie 
surface area of tiie polymer exposed to evaporative 
action to assist the saeens 60,74,80 in promoting max- 

w imized polycondensation of the polymer. 

To further enhance tiie wiping action of the bars 62, 
it is additionally preferred tiiat selected ones of tiie bars 
62 have a rod 1 06 welded to the outward wiper edge 62' 
along substantially the entire lengtii of each selected 

15 wiper bar 62 to project slightly outwardly into relatively 
closer proximity to the interior wall of tiie chamber 30 
tiian the otiier wiping bars 62, as shown in Fig. 5. The 
rod 106 is preferably formed of a metal which is relatively 
softer than ttiat from which the vessel shell structure 26 

20 Is fabricated, e.g., nickel, so tiiat any unintended contact 
occurring between the rods 106 and tiie interior wall of 
tiie chamber 30 will deform only the rod 1 06 without scor- 
ing or otiienwise defacing tiie interior chamber wall. 
Notably, the wiping bars 62 integrate tiie respective 

25 end plates 64,65. baffles 56.58, and screens 60 of tiie 
agitator 32 without tiie necessity of providing a central 
axial shaft as is common in conventional polymer poly- 
condensation reactors. Advantageously, the absence of 
tiie central shaft eliminates risk of potential accumulation 

30 of polymer thereon and resultant possible contamination 
of the polymer within the chamber 30. In addition, tiie 
absence of the central shaft in conjunction with tiie 
aligned central openings in the baffles 56,58 and in tiie 
saeens 60 provides a relatively large axial open area 

35 extending centrally along the length of the agitator 32 
tiirough which evaporating volatiles from the polymer 
can flow relatively unimpeded to tiie exhaust opening 44. 
Toward this end. the central portions of the openings 
defined by the screen annuli 74,80 in the baffles 56.58 

40 and tiie central opening defined by tiie annular screens 
60 are coaxially aligned and of substantially identical 
inner diameters in tiie preferred embodiment as illus- 
tiBted, with only the outer diameters of the screen annuli 
74 of the overflow baffles 56 (and in turn the respective 

45 diameters of tiie central openings 72 ttierein) varying 
along tiie length of tiie agitator 32. 

As aforementioned, tiie shell 26 of the reactor vessel 
22 is of a dual-walled construction, generally depicted in 
Fig. 1, having an inner cylindrical wall 26* defining tiie 

so processing chamber 30 and an outer cylindrical jacket 
26" of slightiy greater diameter supported In concentric 
relation about tiie inner wall 26' by jacket supporting bars 
110 welded thereto to extend radially therebetween. 
Advantageously, tiie annular space thereby created 

55 between the inner wall 26' and tiie outer jacket 26" of the 
vessel shell 26 provides the capability of conveying a 
heat exchange material by which excess heat from tiie 
polymer may be extracted to cool the polymer or. alter- 
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natively, the polymer may be supplementarlly heated, or 
both. 

In particular, by way of example but without limita- 
tion. Rg. 12 illustrates oneprefen'ed arrangement of the 
jacket supporting bars 110 to define three separate 
annular heat exchange zones 112,114.116 serially 
arranged along the length of the vessel 22 defined 
between axially-spaced parallel jacket supporting bars 
110' in the form of imperforate zone-dividing walls 
extending radially between the inner wall 26' and the 
outer jacket 26** at the axial boundaries of the heat 
exchange zones. Within each heat exchange zone 
1 1 2, 1 1 4, 1 1 6, a series of jacket supporting bars 1 1 0" are 
arranged in spaced parallel relation to serve as flow con- 
trol walls, each formed with a circumferential opening 
1 18 at which fk)w diversion walls 110*" extend angularly 
between adjacent flow control walls 110**. 

In this manner, the flow control walls 110" in con- 
junction with the flow diversion walls 110*** define a con- 
tinuous flow path for heat exchange material extending 
annularly in an essentially spiral manner from one axial 
end of each heat exchange zone to the other axial end 
thereof. Inlet and outlet nozzle-like conduits 120 are 
affixed to the outer jacket 26** of the vessel shell 26 at 
the respective opposite axial ends of each heat 
exchange zone 112.114.116 to open into the opposite 
ends of the flow path defined therein, for conveying heat 
exchange material into, and removing heat exchange 
material from, each zone. 

As will be understood by persons skilled in the art. 
the actual direction of fk>w of heat exchange material 
within each zone 112,114,116 may be selected to 
accomplish overall heat exchange flow either in the same 
direction as, or opposite to. the direction of polymer flow 
within the vessel 22, depending upon whether and the 
extent to which it is desired to heat or cool the polymer 
within the adjacent region of the interior processing 
chamber 30. For example, inasmuch as the relatively low 
viscosity polymer entering the inlet end of the chamber 
30 through the inlet opening 38 will typically be of a lower 
temperature than the polymer already under process 
within the chamber 30, it may be desirable to circulate 
heat exchange material of a relatively elevated temper- 
ature within the adjacent heat exchange zone 1 1 2 to flow 
annularly and spirally about the chamber 30 in the same 
overall direction as the polymer flows within the chamber 
30 in order to induce more rapid heating of the polymer 
to its desired processing temperature, whereas in con- 
trast it would be desirable typically to convey a relatively 
cooler heat exchange material through the last heat 
exchange zone 1 1 6 adjacent the outlet end of the vessel 
in an overall spiral direction counter to the direction of 
polymer flow within the vessel in order to cool the poly- 
mer within the adjacent region of the chamber 30 so as 
to prevent possible overheating and degradation of the 
polymer. Within the intermediate heat exchange zone 
1 14, heat exchange flow may occur in either direction as 
heating or cooling of the polymer nrtay be necessitated 
by the particular process conditions. 



As will be understood by persons skilled in the art, 
substantially any suitable heat exchange material may 
be utilized for conveyance through tiie respective heat 
exchange zones, one particularly preferred material 

5 being a phenol-based material having a high boiling point 
such as the heat exchange liquid marketed under the 
trademark DOWTHERM by Dow Chemical Corporation. 

Advantageously, the polymer temperature control 
accomplished by selective operation of the heat 

10 exchange zones 112,114.116. in conjunction with tiie 
novel structure of the agitator 32 as described above, 
enables the vessel 22 of the present reactor apparatus 
to be fabricated to a substantially larger diameter and 
greater length tiian has conventionally been practicable 

15 to accomplish in known polycondensation reactors, 
whereby the overall processing capacity of tiie present 
reactor is substantially greater than with known conven- 
tional reactors. 

Basically, the size limitations in existing reactors 

20 result from a combination of several factors. In order to 
accomplish an overall increase in process capacity, it is 
necessary or at least desirable to maintain the rotary 
speed of tiie agitator essentially the same as the size of 
tiie vessel and the agitator increases, but tiie corre- 

25 spending increase in power required to drive an agitator 
of increased size necessarily tends to generate heat 
within tiie polymer being processed to a correspondingly 
greater degree, tiiereby posing problems of excess heat- 
ing and degradation of the polymer. The occurrence of 

30 Stagnant areas witiiin the polymer processing chamber 
and attendant problems of achieving uniformity in poly- 
mer viscosity and preventing polymer contamination can 
be exacert}ated with an increase in vessel size. 

Accordingly, in contrast to conventional reactors 

35 wherein significant increases in reactor capacity have 
been difficult or impossible to achieve without potentially 
compromising polymer quality, the present reactor appa- 
ratus may be constructed to a substantially greater size 
and process capacity than conventional reactors while 

40 at the same time actually enabling improvements in pol- 
ymer quality to be achieved. The novel construction of 
the agitator witiiout a central shaft minimizes risk of pol- 
ymer contamination due to stagnant areas within the pol- 
ymer, enak)les the film-forming screens to be SL4)ported 

45 in more closely spaced relation to one another than in 
agitators utilizing a cerrtral shaft thereby to maximize 
evaporation of volatiles within a given chamber volume, 
and also promotes freer flow and more rapid exhaust of 
evaporative vapors from tiie process chamber. The con- 
so struction of the agitator also allows closer tolerances to 
be maintained between the periphery of the agitator and 
tiie interior cylindrical wall of the vessel 22. particularly 
between the vessel wall and the wiper bars 62, to pro- 
mote a multiple polymer wiping action upon each revo- 

55 lution of the agitator, provkting the dual benefit of 
promoting more rapid release of volatiles as well as heat 
from the polymer, and also minimizing the extent of 
unwiped surfaces within the vessel. The relatively fine 
temperature control permitted by the dual-walled con- 
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struction of the vessel shell 26 with multiple distinct heat 
exchange zones promotes a more rapid extraction of 
excess heat from the polymer attendant to the larger 
capacity of the apparatus and ther^y ensures that the 
quality improvements achieved by the novel agitator con- 
struction are not deleteriously offset by polymer degra- 
dation due to overheating. 

To assist further in the control of polymer tempera- 
ture within the processing chamber 30 of the present 
apparatus 20, non-invasive temperature sensors are 
mounted to the underside of the vessel shell 26 at each 
heat exchange zone 11 2, 1 1 4, 1 1 6 to enable direct meas- 
urement of polymer temperature within each zone with- 
out any structural intrusion into the process chamber 30. 
As best seen in Rg. 13« at each temperature sensing 
location along the vessel 22. an annular mounting hub 
122 is affixed to extend between the inner wall 26* and 
the outer jacket 26" of the vessel shell 26 to receive and 
support a temperature sensor 1 26, preferably in the form 
of an infrared thermal emission sensor, in a sealed fash- 
ion at a window opening 124 in the inner wall 26' for 
accomplishing precise measurement of polymer temper- 
ature directly from the polymer within the adjacent region 
of the chamber 30. Each temperature sensor 1 26 is pref- 
erably connected to a main controller for the reactor 
apparatus 20, which may be a computer or other micro- 
processor-based programmable controller, whereby 
temperature measurements may be utilized to initiate 
programmed variations in the operation of the heat 
exchange zones 1 12,1 14,1 16 or may othenvise be uti- 
lized to control related functions of the reactor apparatus 
20. 

The present apparatus also is equipped with a 
means by which the level of polymer within the process 
chamber 30 may be detected at any one or more loca- 
tions along the length of the vessel 22 and. in turn, uti- 
lized for controlling polymer Input and output to and from 
the vessel 22 or any other suitable variable or parameter 
of the process operation of the reactor apparatus 20. 
More particularly, as shown in Fig. 14, the polymer level 
detection arrangement utilizes a projection device, indi- 
cated representatively at 1 28, by which a source of a pre- 
determined quantity of nuclear radiation is projected 
from an exterior location laterally adjacent the underside 
of the vessel 22 transversely upwardly in a generally 
radial direction through the vessel 22 toward a radiation 
detector 130 disposed at the opposite upward exterior 
side of the vessel 22. The radiation projector 1 28 and the 
detector 1 30 are each operatively connected to the cen- 
tral controller of the reactor apparatus 20 (or another suit- 
able control device] which Is programmed to corripute the 
thickness of the polymer witiiin the vertical plane in the 
chamber 30 through which tiie radiation is projected as 
a mathematical function of the difference between the 
known predetermined quantity of radiation transmitted 
by the projecta 128 and the quantity o1 the radiation 
actually received and detected by the detector 130, tak- 
ing into account by extrapolation the radiation deflected 
or absorbed by the structure of the vessel 22. Preferably. 



a polymer level detection arrangement as described is 
disposed at two or more spaced locations along the 
length of the vessel 22, including at least locations acya- 
cent the inlet and outlet ends of the vessel. 

5 It will therefore be readily understood by those per- 
sons skilled in the art that the present invention is sus- 
ceptible of a broad utility and application. Many 
embodiments and adaptations of the present irrvention 
other than tiiose herein described, as well as many var- 

10 iations, modifications and equivalent arrangements will 
be apparent from or reasonably suggested by the 
present invention and the foregoing description tiiereof, 
without departing from the substance or scope of the 
present invention. Accordingly while the present inven- 

15 tion has been described herein in detail in relation to its 
preferred embodiment, it is to be understood that this dis- 
closure is only illustrative and exemplary of the present 
invention and is made merely for purposes of providing 
a full and enabling disclosure of the invention. The fore- 

20 going disclosure is not intended or to be construed to 
limit the present invention or otiienvise to exclude any 
such other embodiments, adaptations, variations, modi- 
fications and equivalent arrangements, the present 
invention being limited only by the claims appended 

25 hereto and the equivalents thereof. 

Claims 

1 . A reactor apparatus for preparing a polymeric mate- 
30 rial, conprising: a reactor vessel defining a horizon- 
tally-extending interior polymer processing 
charTt)er, a polymer inlet opening into the process- 
ing chamber and a polymer outiet opening from the 
processing chamber at a spacing from one another 

35 axially along tiie processing chamber, and a vapor 
exhaust outlet opening from the processing cham- 
ber, and 

a polymer agitator rotatably disposed within the 
chamber, the agitator comprising at least one annu- 

40 lar overflow baffle defining a central polymer over- 
flow opening and at least one underflow baffle 
having an outer periphery defining at least one pol- 
ymer underflow opening between its outer periphery 
and the vessel, the overflow and underflow baffles 

45 being affixed together for unitary rotation in gener- 
ally parallel axially-spaced relation to one another 
within the processing chamber to define a portion of 
the flow patii for the polymeric material between the 
polymer inlet and tiie polymer outiet extending 

so tiirough the polymer overflow and underflow open- 
ings of the overflow and underflow baffles. 

2. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 1 and further comprising at 

55 least one perforated polymer filnrvforming screen 
disposed between the baffles for causing the poly- 
meric material to become coated on the screen in a 
film-like form during rotation of the agitator to pro- 
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duce enhanced vapor release from the polynner for 
polycondensation thereof. 

3. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 2 wherein each of the under- s 
flow baffle and the screen has a respective central 
axial opening generally aligned with the overflow 
opening of the overflow baffle. 

4. A reactor apparatus for preparing a polymeric mate- io 
rial according to claim 1 wherein the underflow baffle 
has a central axial opening generally aligned with 
the overflow opening of the overflow baffle. 

5. A reactor apparatus for preparing a polymeric mate- is 
rial according to claim 1 wherein the agitator com- 
prises a plurality of connecting elements extending 
between and affixed to the respective peripheries of 
the baffles, each connecting element having a wip- 
ing surface disposed radially outwardly of the agrta- 20 
tor for applying and renfx>ving polymer to and from 
the interior surface of the chamber of the vessel dur- 
ing rotation of the agKator. 

6. A reactor apparatus for preparing a polymeric mate- 25 
rial according to daim 5 wherein the wiping surface 
comprises a trailing edge of the connecting element 

7. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 1 wherein the overflow open- 30 
ing of the overflow baffle connprises a perforated 
annulus. 

8. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 7 wherein the underflow baffle 35 
comprises a perforated annulus generally axialiy 
aligned with the overflow opening of the overfbw 
baffle. 

9. A reactor apparatus for preparing a polymeric mate- 40 
rial according to claim 1 wherein the underflow baffle 
conrtprises a plurality of drcumferentially spaced 
recesses in its outer periphery defining a corre- 
sponding plurality of the underflow openings. 

45 

10. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 1 wherein the agitator 
includes a pair of support disks at the opposite axial 
ends of the agitator, each support disk having a plu- 
rality of openings extending therethrough at differing so 
angles relative to the axis of the agitator. 

11. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 10 wherein the support disk 

at the end of the agitator opposite the inlet of the ss 
vessel includes a plurality of blades projecting from 
an outward side of the support disk for applying and 
wiping polymeric material to and from the interior 



surface of the chamber of the vessel during rotation 
of the agitator. 

1 2. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 1 wherein the vessel indudes 
a passageway extending about the chamber for flow 
of a heat exchange nr^teriaj in heat transfer relation 
with the polymeric material in the chamber to control 
the temperature of the polymeric material. 

1 3. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 12 wherein the passageway 
is configured for flow of the heat exchange material 
generally opposite to the direction of f tow of the pol- 
ymeric material within the chamber. 

14. A reactor apparatus for preparing a polymeric nnate- 
rial according to claim 12 wherein the passageway 
is configured for flow of the heat exchange material 
generally in the direction of flow of the polymeric 
material within the chamber. 

1 5. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 1 and further conprising 
means supported on the vessel outside the chamber 
for non-invasive sensing of the temperature of the 
polymeric material. 

1 6. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 1 and further comprising 
means for detecting the level of polymeric material 
within the chamber. 

1 7. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 1 comprising: 

a reactor vessel defining a substantially cylindrical 
horizontally-extending interior polymer processing 
chamber, a polymer inlet opening into the process- 
ing chamber and a polymer outlet opening from the 
processing chamber at a spacing from one another 
axialiy along the processing chamber, and a vapor 
exhaust outlet opening from the processing cham* 
ber. and 

a polymer agitator rotatably disposed axialiy within 
the chanft)er, the agitator comprising a plurality of 
polymer flow-controlling baffles affixed together for 
unitary rotation in generally parallel axially-spaced 
relation to one another within the processing cham- 
ber, 

the baffles comprising a plurality of annular overflow 
baffles each having a substantially drcular outer 
periphery disposed in rotational polymer-sealing 
relation to the vessel and defining a central polymer 
overflow opening and a plurality of underflow baffles 
each having an outer periphery defining at least one 
polymer underflow opening between its outer 
periphery and the vessel, the overflow and under- 
fbw baffles being arranged in alternation with one 
another axialiy along the agitator to define a tortuoi^ 
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flow path for the polymeric material t>etween the pol- 
ymer inlet and the polymer outlet extending alter- 
nately through the polymer overt tow and underflow 
openings of the successively alternating overflow 
and underflow baffles for controlling the residence 5 
time, distribution and viscosity of the polymeric 
material during flow between each overflow baffle 
and the next succeeding overflow baffle. 

1 8. A reactor apparatus for preparing a polymeric mate- 10 
rial according to claim 1 7 wherein the agitator com- 
prises a plurality of polymer flow-controlling baffles 
and a plurality of perforated film-forming screens 
affixed together for unitary rotation in generally par- 
allel axial-spaced relation to one another within the is 
processing chamber, at least one of the screens 
being disposed between eadi adjacent pair of the 
baffles for causing the polymeric material to become 
coated on each screen in a film-like form during rota- 
tion of the agitator to produce enhanced vapor 20 
release from the polymer for polycondensation of 
the polymer. 

1 9. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 1 8 wherein each of the under- 2s 
flow baffles and the screens has a respective central 
axial opening generally axially aligned with the over- 
flow openings of the overflow baffles for enhanced 
vapor flow to the vapor exhaust outlet. 

30 

20. A reactor apparatus for pr^3aring a polymeric mate- 
rial according to daim 1 7 wherein each of the under- 
flow baffles comprises a plurality of circumferentially 
spaced recesses in its outer periphery defining a 
corresponding plurality of the underflow openings. 35 

21 . A reactor apparatus for preparing a polymeric mate- 
rial according to claim 18 wherein a plurality of the 

. screens are disposed between each adjacent pair 
of the baffles. 40 

22. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 21 wherein the screens are 
arranged at increasing spacings from one another 
and from the baffles from adjacent the polymer inlet 45 
to adjacent the polymer outlet of the chamber. 

23. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 21 wherein the screens have 
increased open area from adjacent the polymer inlet so 
to adjacent the polymer outlet of the chamber. 

24. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 1 7 wherein the overflow open- 
ing of each overflow baffle comprises a perforated ss 
annulus. 

25. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 1 7 wherein the overflow open- 



ings of the overflow baffles are of increasing 
diametric dimensions from adjacent the polymer 
inlet to adjacent the polymer outlet. 

26. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 17 wherein each underflow 
baffle comprises a perforated annulus. 

27. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 18 wherein the agitator com- 
prises a plurality of connecting elements extending 
between and affixed to the respective peripheries of 
the baffles and the screens, each connecting ele- 
ment having a wiping surface disposed radially out- 
wardly of tfie agitator for applying and renKving 
polymer to arxl from the interior surface of the cham- 
ber of the vessel during rotation of the agitator. 

28. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 27 wherein the wiping surface 
comprisesatrailing edge of the connecting element. 

29. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 28 wherein each screen is 
formed with peripheral slots configured for receiving 
the connecting elements with a polymer drainage 
opening defined between the screen and each con- 
necting element. 

30. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 17 wherein the agitator 
indudes a pair of support disks at the opposite axial 
ends of the agitator, each support disk having a plu- 
rality of openings extending therethrough at differing 
angles relative to the axis of the agitator. 

31 . A reactor apparatus for preparing a polymeric mate- 
rial according to claim 30 wherein the support disk 
at the end of the agitata opposite the inlet of the 
vessel indudes a plurality of blades projecting from 
an outward skJe of the support disk for wiping poly- 
meric material from the interior surface of the cham- 
ber of the vessel during rotation of the agitator. 

32. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 17 wherein the vessel 
indudes a passageway extending about the cham- 
ber for flow of a heat exchange material in heat trans- 
fer relation with the polymeric material in the 
chamber to control the temperature of the polymeric 
material. 

33. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 32 wherein the passageway 
is configured for flow of the heat exchange material 
generally opposite to the direction of flow of the pol- 
ymeric material within the chamber. 
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34. A reactor apparatus for pr^>aring a pdymeric mate- 
rial according to claim 32 wherein the passageway 
is configured for flow of the heat exchange material 
generally in the direction of flow of the polymeric 
material within the chamber. 5 

35. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 32 wherein at least a portion 
of the passageway defines a generally helical flow 
path for the heat exchange material. 10 

36. A reactor apparatus for preparing a polymeric mater 
rial according to claim 17 and further comprising 
means supported on the vessel outside the chamber 

for non-invasive sensing of the temperature of the is 
polymeric material. 

37. A reactor apparatus for preparing a polymeric mate- 
ria] according to daim 36 wherein the vessel com- 
prises a sealed window bordering the processing 20 
chamber and the temperature sensing rrieans com- 
prises an infrared thermal emission sensor disposed 
outside the processing chamber to face into the 
processing chamber through the window. 

25 

38. A reactor apparatus for preparing a polymeric mate- 
rial according to daim 17 and further comprising 
means for detecting the level of polymeric material 
within the chamber. 

30 

.39. A reactor apparatus for preparing a polymeric mate- 
rial according to claim 38 wherein the level detecting 
means comprises means for projecting a source of 
a predetermined quantity of radiation generally radi- 
ally through the processing chamber from one side 35 
thereof, means fbr detecting the quantity of the pro- 
jected radiation at the opposite side of the chamber, 
and means for extrapolating the level of the polymer 
at the location of the radiation projection based on 
the difference between the projected and detected 40 
quantities of the radiation. 

40. A reactor apparatus fbr preparing a polymeric mate- 
ria] according to claim 1 comprising: 
a reactor vessel defining a substantially cylindrical 45 
horizorrtally-extending interior polymer processing 
chamber, a polymer inlet opening into the process- 
ing chamber adjacent one end thereof and a poly- 
mer outlet opening from the processing chamber 
adjacent the opposite erxi thereof, a vapor exhaust so 
outlet opening from the processing chamber, and a 
passageway extending annularly about the chamber 
with ^t least a portion of the passageway defining a 
generally helical path for flow of a heat exchange 
material with and opposite to the direction of flow of 55 
the polymeric material within the chamber for heat 
transfer relation with the polymeric material in the 
chaniser to control the temperature of the polymeric 
material; a polymer agitator rotatably disposed axi- 



ally within the chamber, the agitator comprising a 
plurality of polymer flow-controlling baffles, a plural- 
ity of perforated polymer film-forming screens, a pair 
of support disks at opposite axial ends of the agita- 
tor, and a plurality of connecting elements extending 
between the respective peripheries of the support 
disks, tiie baffles and the screens for fixation thereof 
in generally parallel axially-spaced relation to one 
another fbr unitary rotation within tiie processing 
chamber, each connecting element having a trailing 
wiping surface disposed radially outwardly of the 
agitator for applying and removing polymer to and 
from tiie interior surface of the chamber of the vessel 
during rotation of the agitator; 
the baffles comprising a plurality of annular overflow 
baffles each having a substantially drcular outer 
periphery disposed in rotational polymer-sealing 
relation to tiie vessel and defining a central polymer 
overflow opening induding a perforated annulus, the 
polymer overflow openings of the overfkw baffles 
being of increasing diametric dimensions and the 
annuli of tiie overflow baffles having increasing open 
area from adjacent the polymer inlet end to adjacent 
the polymer outlet end of the chamber, and a plural- 
ity of underflow baffles each having an outer periph- 
ery comprising a plural ity of circumferentially spaced 
recesses forming polymer underflow openings 
between its outer periphery and the vessel and 
defining a central vapor flow opening generally axi- 
alty aligned witii the overf bw openings of the over- 
fk)w baffles, the overflow and underflow baffles 
being arranged In alternation witii one another axi- 
ally along the agitator to define a tortuous flow patii 
fbr the polymeric material between the polymer inlet 
and the polymer outlet extending alternately through 
the polymer overflow and underflow openings of the 
successively alternating overflow and underflow baf- 
fles fbr controlling the reskience time, distribution 
and viscosity of the polymeric material during flow 
between each overf bw baffle and the next succeed- 
ing overflow baffle; a plurality of the screens being 
disposed between each kdjacent pair of tiie baffles 
for causing the polymeric material to become coated 
on each screen in a film-like form during rotation of 
tiie agitator to produce enhanced vapor release from 
tiie polymer for polycondensation of the polymer, 
each of the screens having a respective central 
vapor flow opening generally axially aligned with the 
overflow openings of the overflow baffles and the 
vapor flow openings of the underf bw baffles, the 
screens being an-anged at increasing spacings from 
one another and from the baffles and having 
increasing open area from adjacent the polymer inlet 
end to adjacent the polymer outiet end of ttie cheun- 
ber; and 

each support disk having a plurality of openings 
extending theretiirough at differing angles relative to 
tiie axis of tiie agitator, the support disk at ttie end 
of tiie agitator adjacent ttie outiet end of tiie vessel 
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including a plurality of blades projecting from an out- 
ward side of the support disk for wiping polymeric 
material from the interior surface of the chamber of 
the vessel during rotation of the agitator. 

41. Use of a reactor according to claim 1 for preparing 
a polymeric material, preferably a polyester. 
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